Hepatitis B virus (HBV) is an important human pathogen belonging to the Hepadnaviridae family,
Introduction

27
Hepatitis B virus (HBV) is one of important human pathogens that causes hepatitis. Over 240 million people are 28 estimated to be infected with HBV. HBV belongs to the Hepadnaviridae family, Orthohepadnavirus genus. HBV has 3 29 forms of viral particles, 44nm-diameter infectious Dane particles and non-infectious 22nm-diameter spherical or tubular 30 subviral particles (SVPs). Its genome is only about 3.2kb and contains 4 overlapping opening reading frames (ORFs) 31 which encodes 7 structural or nonstructural proteins. Although HBV is a double-stranded DNA virus, it replicates the 32 genome by an intermediate template of pregenome RNA and thus presents a high mutation rate and low fidelity (1).
33
There are 3 forms of hepatitis B surface antigens (HBsAg) in the virus envelope with some domains exposed to 34 lumen or cytosol(2). They are large, middle and small HBsAg, respectively and share the same C-terminal domain but 35 different N-terminal domains (3, 4) . They form the components of both Dane particles as well as SVPs. The HBsAg can 36 elicit strong protection reaction of individuals against HBV or induce immune tolerance through persistent 37 expression(1, 5). Moreover, it's a good candidate as therapeutic vaccine but is not efficient enough.
38
It may provide better information about potential antiviral targets to analyze the variability of HBV at the level of 39 amino acids rather than nucleotide. In this study, to investigate the difference of viral proteins sequences/domains, we 40 reported the sequences variability of HBV strains(genotypes A-J). We also further characterize the features of HBsAg, 41 which may help to understand its function.
42
Material and methods
43
HBV sequences acquisition and alignment
44
In November 2017, a total of 5167 HBV genome records with confirmed genotypes were retrieved from the Genbank 
49
Poland, Russia, Serbia, Spain, Sweden, Turkey and UK), and the other area (including India, Iran, Saudi Arabia and 50 Syria). Then, the amino acid sequences of 4 HBV ORFs (S, C, P and X) were extracted according to their start and end 51 sites and were then subjected to sequences alignment with Clustral Omega(6).
52
Subsequent analysis was focused on those functional sequences or domains annotations. The sequences labelled with 53 "nonfunctional" or "truncated" were discarded. The final items for analysis were 3208 sequences of ORF C, 3064 54 sequences of ORF S, 3701 sequences of ORF P and 4265 sequences for ORF X. The domains for further analysis were 55 the preS1 receptor binding domain (preS1-RBD) , the preS1 domain, the preS2 domain, the S domain, the preC domain, 56 3 the core protein assembly domain (core-AD, usually 149AAs) and the core protein C-terminal domain (core-CTD, also 57 known as the arginine-rich domain, ARD). The positions of the preS1-RBD is referred to the sequence previously 58 reported(7). The preS1/S2/S domains are encoded by ORF S, while the preC, core-AD and core-CTD are encoded by 59 ORF C.
60
Feature of HBV sequences and domains
61
We analyzed the variability of sequences from different aspects. All domains were extracted from aligned sequences.
62
Aligned sequences with only gaps across the domain were discarded in subsequent analysis. Hence, the left items are 63 the total number of sequences for calculation of the percentage of different indices mentioned below. Among all the 64 sequences or domains the most frequent one was defined as the predominant sequence, which represents the conserved 65 sequence. It was defined as unique sequences that those sequences or domains encodes the same protein but different to 66 each other at the level of amino acid. Similarly, the most frequent length of sequences or domains was defined as the 67 predominant one. The ratio of sequences with the predominant length suggests the length conservation of a sequence or 68 domain.
69
Statistics of the frequency of amino acids of each site in sequences 70
After sequences alignment, we computed the ratio of amino acids residues (including gaps) for each position as 71 below.
72
The ratio was the the number of sequences with specified amino acid divided by the total number of available 74 sequences. We define the predominant amino acid residue as the one with the highest ratio at that site.
75
Prediction of the secondary structure of HBsAg
76
A representative sequence record (Accession number of its genome record: AM295797) was subjected to the 77 prediction of secondary structure of the large/middle/small HBsAg. The prediction was performed in PSIPRED website 78 (http://bioinf.cs.ucl.ac.uk/psipred/).
79
Analysis of similarities of pair-wise sequences 80
The pair-wise sequences similarity was calculated based on the aligned sequences. The similarity was defined as the 81 ratio of the number of positions with identical amino acid residues to the length of the sequences. The similarity profile 82 was shown as a histogram. Pearson correlation coefficient (R) was computed between two profiles using Python library 83 scipy. R>0.8 was regarded as correlation, while R>0.9 was regarded as high correlation.
84
Results
85
Amino acid sequences analysis 86 4
The geographical sources of the 5167 sequences of documented HBV strains are listed in 
89
We compared 4 features of HBV sequences, the ratio of the predominant sequence, the ratio of unique sequences, the 90 ratio of sequences with the predominant length and the number of sequence lengths (Fig. 1) . These values can 91 characterized either the variability or the conservation of sequences or domains. The preC domain presented the highest 92 ratio of predominant sequence, indicating a highly conserved domain, followed by the core-CTD. The HBpol and large 93 HBsAg had the top two highest ratio of unique sequences.
94
The lengths of amino acid sequences or domains of HBV was variable.. The number of the lengths of small HBsAg 95 was the smallest (Fig. 1 and Fig. S1 ), while those of the HBpol was the largest. The preC domain and core-CTD were 96 next to small HBsAg, which revealed their lengths were conserved. The preS1/S2 domains and the HBcAg are the most 97 conserved. However, considering the length, the small and middle HBsAg, the preS1-RBD, the preS2 domain, the core-
98
AD and the HBx are the most conserved. It's probable that the length is critical for the assembly, so structural proteins, 99 especially the small HBsAg and the core-AD, were conserved except the preS1 region which functions as receptor 100 binding(7). Moreover, for the HBpol, the sequence length aren't critical. Some domains of the HBpol may provide the 101 flexibility of length for the function.
102
We analyzed different HBV proteins at the level of amino acid and found that only the predominant sequence of 6 conserved excepting Lys11 (Fig. 4) .
147
Discussion
148
The amino acid sequence is close to the folding of proteins. It causes high variation that HBV genome replicates 149 through a process of reverse transcription. Thus, it's necessary to have a comprehensive investigation on the amino acid 150 sequences of HBV proteins, which could help finding the variability and conservation of domains close to the function 151 and the differences between different geographical strains.
152
Our study revealed the variability of HBV ORF S, C, P and X at the level of amino acid. It showed the sequence 
158
Especially, the variability of the HBsAg at the level of amino acid provided many potential epitopes. This is the 159 potential mechanism exhausting the immunocytes or antibodies which recognize the HBsAg. It has been reported that 160 the HBsAg in tubular SVPs organizes regularly in crystalline-like pattern(10). As the C-terminal part of the HBsAg, the 161 S domain is transmembrane and folds as the protrusion on the periphery(2, 10). Moreover, there were a total of 12 162 highly conserved cysteine residues in the S domain, far more than those in the core-AD of HBcAg ( Fig. S3 and Fig.   163 S4). It indicates that these cysteine residues were probably critical for the stable of protein structure, which could help 164 the protrusions on SVPs to arrange in a regular way. Even the cysteine residues in HBcAg are not necessary for the 165 disulfide bond(11). The core-CTD is located in the internal of HBV capsid, which helps enclosing the virus genome in 166 assembly(12). We postulate that those cysteine residues and the lengths of the S domain are much critical for the stable 167 of the HBsAg structure. Furthermore, the N-terminal extension of the preS1-RBD was also a highly conserved 168 sequence. It's probably associate with the function of receptor binding in some unknown way.
169
In conclusion, we studied the viral proteins of HBV at the level of amino acid. Quantitatively investigation reveals Table   207 208 
242
Grey bar indicates the ratio of sequences of the gaps after alignment.
243 Fig. S3 The Pearson cross-correlation coefficient of the profiles of pair-wise similarity in Fig 4 (P<0.001) .
244 Fig. S4 The prediction of the secondary structure. Representation is the prediction of 3 forms of HBsAg components.
245
Alpha-helix and beta-sheet only exist in the S domain. The preS1, preS2 and S domains are colored in purple, green and 246 yellow respectively. Cysteine residues are colored in red. 
